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Alkenylfluorocyclotriphosphazenes

Christopher W. Allen, Randall P. Bright and
Kolikkara Ramachandran

Department of Chemistry, University of Vermont
Burlington, Vermont 05405, USA

The use of organometallic reagents such as organolithium,
Grignard and organocopper (1) species in substitution reactions
with halocyclophosphazenes has led to the synthesis of a large
number of organophosphazene derivatives (2). The vast majority
of these compounds have been the aryl and alkyl derivatives.
Recently, we have initiated an investigation of the synthesis,
characterization and reactions of alkenylphoaphazenes (3). Our
Interest In these materials is three-fold: comparison of the
stereochemistry of substitution reactions with that observed for
other organometallic reagents (2), elucidation of the electronic
interaction between the phosphazene and unsaturated organic
moieties (4), and synthetic transformations of the :organofunction-
al exocyclic group (5).

We have previously reported the prep ration of'-propenyl
phosphazenes M. the reactions of propenyl lithium teagents with
hexafluorocycIdtriphosphazene, N IP3F (3). These materials under-
go a broad variety of reactions angtng from simple hydrogenation
2j to copolymerization with styrene (6). Given the potential

N3P3 F6 + LiC(CH3) CH N3P3 FsC(CH3 )-CH2

Pd/CN3 P3 F5C(CH3 )-CH2 + 2 _ 0C N3P3 5 CH(CH 3)2.... ICH3

N3P3FsC(CH3)'CH 2 + C HsCH C 2- C- [(CHCH) (W12)y

C6H5  3 3PF5

technological utility of these copolymers as flame retardant
materials (6), we have now reinvestigated the reaction of 2-
propenyl lithium with N P F . In addition to the expected pro-
penylphosphazene, we oba n an oily high-boiling by-product. The
ratio of propenylphosphazene to by-product is strongly dependent
on the source of lithium used to prepare the organolithium
reagent. The average molecular weight of a typical by-product
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is around 1000 and the mass spectrum of a carefully fractionated
mate: ial shows only one N 3P 3 5 unit. We propot _ that anionic
attack by the organolithium reagent on the olefinic center in the
propenylphosphazene initiates the formation of the observed by-
products. N3 C 3

N3P3F5C(CH3)-CH2 + LiC(CH3)-CH2  3 N3P3F5-C2 2-CH2

Li

Our experience with propenylphosphazenes suggested that one
could avoid some of the complications in the synthesis of alkenyl-
phosphazenes by dealing with alkenylphosphazenes containing
electron donating functions on the olefin thus counteracting the
electron withdrawing effect of the phosphazene. We tested this
hypothesis by metalating ethylvinyl ether with tert butyl lithium
and allowing the organo-lithium reagent to react with N3 P3 F6 .
Using this reaction, we were able to prepare both the mono and
disubstituted derivatives, N P F C(OC2H )-CH and
N P3F4 -C(OC2H 2)2-CR22 without any of the by-product observed in
the case of the propenyl lithium reaction. Similar results were
obtained starting with methylvinyl ether. Attempts to achieve
trisubstitution led to a complex series of reactions involving

N3P3F6 + nLiC(OR)-CH2 + N3 P 3 F6 -n[C(OR)=CH2]n

R=C25 3 n=HC,7 2

such processes as cleavage of the ethc:- group from, the ethoxy-
vinylphosphazene. The disubstituted material was s own to have
the geminal configuration (2,2-N P F [C(OC H )-CH,] ) by 1H, 1 C,
1 9 F n4 3 1 P nmr spectroscopy - Temono,;ubstittea materials show
long-range fluorine coupling with exocyclic group. These inter-
actions t e not observed in the diFubslituted derivatives. The
31p and F nmr spectra clearly show, by the phosphorus-fluorine
coupling patterns, the presence of ZPr 2 and PR2 centers and the2I
absence of -PFR centers thus confirmir g the genanal nature of the
disubstituted materials.,

The chemical studies discussed above strougly support our
hypothesis that the polarity of the organic function in alkenyl-
phosphazenes can be significantly altered by the nature of the
olefin substituents. We sought alternative methods to evaluate
these effects and found that 13C nmr spectroscopy is a very useful
tool in this regard. Generally, the $ carbon chemical shift in
sPbstituted olefins is sensitive to electronic effects at the
d position (7). Thus on going from eLhylvinyl ether to
SN PsC(OC.H )-CH, the B carbon atom experiences a 15 ppm down-
fleld shifi and t9; propenyl derivative, N P3F5C(CH3)-fCH, Is 32
ppm downfield from the ethoxyvinyl drivatlv3. Sim l o2bs
tions hold for aixed phenyl/alkoxyvinyl and dimethylamino/alkoxy-
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vinyl fluorophosphazenes. This later observation clearly shows
the large difference in charge distribution in these two olefins.
EXxmination of the 3 1p data also has uncovered some interesting
trends, for example, there is a significant difference in 31P data
chemical shifts when an ethoxyvinyl group is replaced by a phenyl
group (46 - 6 ppm). The effect of the various vinyl substituents
on the 31p shifts is also significant.

Having demonstrated that the ethoxyviiylphosphazene can be
converted to the disubstituted derivative, we decided to explore
a variety of reactions involving the ethoxyvinylphosphazene.
Since much of our interest in alkenylphosphazenes is related to
their incorporation into traditional vinyl polymers (5,§), we
were pleased to observe facile copolymerization of
N3P3F C(OC )-CH -with styrene. We also have prepared some mixed

atte 3erivatives. The reaction of phenyl lithium with

N3P 3F 5C(OC 2 H).CH2 + C6H5 CH-CH2  R ((CHCH ) (CCH2)y]

C6H5  P3N3F5

N P F C(OC H )-CH leads to the geminally substituted material
2,2-1WP FJC'H )CiOC H )-CH ; the same product is obtained from
the reacton o etho yftnyl lithium with phenlpentafluorocyclo-
triphosphazene. However, the reaction of two molecules of phenyl
lithium with N3 P3 F6 is known to follow a predominantly non-geminal
pathway C8).

C6H5Li

N3P3F5C (oC2H5 )-CH2  6 5 I

2,2-N P F,(C 6HlyC(O0C2 5)C 2

N3P3F5C6 H5  LiC(OC2H5 )=C1 2 /

In another series of experiments, we found that the reaction of
N P F C(OC R )-CH with dimethylamine leads to the ron-geminal
isomers, 2,4-N P 3 4 [N(CHI)2]C(OCH )-CH2 1; the same product is
obtained from Q reaction of etioxyviny lithium with dimethyl-
aminopentafluorocyclotriphosphazene.

N3P3FC (OC2H5 )-CH2  (CH3)2NH

2,4-N 3 P3F4N(CH 3)2 CH 2

N3 1P3 FN(CH3 )2  LiC(OC2 Hs )-CH23

-



The structures of all the mixed substituent derivatives were un-
aubiguously established by 31P and 1 9F nmr spectroscopy.

The observation of the variation of the stereochemical course
of the reaction of ethoxyvinyl lithium with various monosubstitut-
ed pentafluorocyclotriphosphazenes with the nature of the phospha-
Aene substituent clearly demonstrates that there is a directive
effect ba. d on the ring substituent which is operative in these
reactions. These findings are at variance with current thinking
which stresses the control of the incoming reagent on the stereo-
chemistry of the substitution reaction (9). We propose the
following model for cases where substituent control of directive
effects occurs. We have previously shown that exocyclic electron
release in organofluorophosphazenes is through the a system (9 .
The net result of this effect is that ring nitrogen atom lone
pair electron density is preferentially transferred to the =PF
center, thus leaving the -PFR center as the site of nucleophilic
attack. When a w donating substituent, such as dimethylamine, is
on the ring, electron release is into the phosphorus atom system
at the substituted phosphorus center. This mechanism reduces the
formal positive charge at the substituted phosphorus atom and
hence leaves the =PF 2 center as the site of substitution.

Acknowledement.
This work was supported, in part, by the Office of Naval

Research.

Literature Cited.

1. Allcock, H.R.; Harris, P.J. J. Am. Chem. Soc. i979, 101, 6221-
9.

2. Lllen, C.W. Ind. Eng. Chem. Prod. Res. Dev. 1981, 20.,,77-79.
3. Dupont, J.G.; Allen, C.W. Inorg. Chem. 1978, 17, 3093-6.
4. Allen, C.W.; Green, J.C. lnc.g. Chem. 1980, 19, 1719-22.
5. Allen, C.W.; Dupont, J.G. Ind. Eng. Chem. Prod. Res. Dev.

1979, 18, 80-1.
6. Dupont, J.G.; Allen, C.W. Macromolecules 1979, '12, 169-72.
7. Strothers, J.B. "Carbon-13 NMR Spectroscopy"; Academic Press:

New York, N.Y., 1972; p. 184.
8. Allen, C.W.; Moeller, T. Inorg. Chem. 1978, 7, 2177-83.
9. Shaw, R.A. Z. Naturforsch. 1976, 31b, 641-67.

J,

low



TECHNICAL REPORT DISTRIBUTION LIST.-GEN

No. No.
Copies Copies

Office of Naval Research U. S. Army Research Office
Attn: Code 472 Attn: CRD-AA-IP
800 North Quincy StreeL P.O. Box 1211
Arlington, Virginia 22217 2 Research Triangle Park, N.C. 27709

ONR Branch Office Naval Ocean Systems Center
Attn: Dr. George Sandoz Attn: Mr. Joe McCartney
536 S. Clark Street. San Diego, California 92152
Chicago, Illinois 60605 1

Naval Weapons Center
Attn: Dr. A. B. Amster,

Chemistry Division
China Lake, California 93555

Naval Civil Engineering Laboratory
ONR Branch Office Attn: Dr. R. W. Drisko
1030 East Green Street Port Hueneme, California 93401
Pasadena, California 91106 1

Department of Physics & Chemistry
ONR 3ranch Office Naval Postgraduate School
Attn: Dr. L. H. Peebles Monterey, California 93940
Buil,-'ing 114, Section D
666 Summer Street Dr. A. L. Slafkosky
Boston, Massachusetts 02210 1 Scientific Advisor

Commandant of the Marine Corps
Director, Naval Research Laboratory (Code RD-i)
Attn: Code 6100 Washington, D.C. 20380
Washington, D.C. 20390 1

Office of Naval Research
The Assistant Secretary Attn- Dr. Richard S . Miller

f 1 .e Navy (R,E&S) 800 N. Quincy Street'
Pepart;wnt of the Navy Arlington, Virg.nia "22217

;m 4t. 36, Pentagon
Washirgton, D.C. 20350 1 Naval Ship Research and Development

Center
Commander, Naval Air Systems Command Attn: Dr. G. Bosmajian, Applied
Attn: Code 310C (H. Rosenwasser) Chemistry Division
Department of the Navy Annapolis, Maryland "21401
Washingon, D.C. 203601

Naval Ocean Systems Center
Defense Documentation Center Attn: Dr. S. Yamamoto, Marine
Buildizz 5, Cameron Station Sciences Division
Alexandria, Virginia 22314 12 San Diego, California 91232 1

Dr. rred Saalfeld Mr. John Boyle
Chemistry Division ' Materials Branch
Naval Research Laboratory Naval Ship Engineering Center
Washington, D.C. 20375 1 Philadelphia, Pennsylvania 19112



TECHNICAL REPORT DISTRIBUTION LIST, 356B

No. No.
Copies copies

Dr. T. C. Williams Douglas Aircraft Company
Union Carbide Corporation 3855 Lakewood Boulevard
Chemical and Plastics Long Beach, California 90846
Tarrytown Technical Center Attn: Technical Library
Tarrytown, New York C1 290/36-84

AUTO-Sutton
Dr. R. Soulen
Contract Research Department NASA-Lewis Research Center
Penawalt Corporation 21000 Brookpark Road
900 First Avenue Cleveland, Ohio 44135
King of Prussia, Pennsylvania 19406 1 Attn: Dr. T. T. Serafinij MS 49-1 1

Dr. A. G. MacDiarmid Dr. J. Griffith
University of Pennsylvania Naval Research Laboratory
Department of Chemistry Chemistry Section, Code 6120
Philadelphia, Pennsylvania 19174 1 Washington, D.C. 20375 1

Dr. C. Pittman Dr. G. Goodman
University of Alabama Globe-Union Incorporated
Department of Chemistry 5757 North Green Bay Avenue
University, Alabama 35486 1 Milwaukee, Wisconsin 53201 1

Dr. H. Allcock Dr. E. Fischer, Code 2853
Pennsylvania State University Naval Ship Research and
Department of Chemistry Development Center
University Park, Pennsylvania 16802 1 Annapolis Division

Annapolis, Maryland 21402 1
Dr. M. Kenney
Case-Western University Dr. Martiu 14. Kaufman, Head
Department of Chemistry MaterialL Research Braich (Code 4542)
Cleveland, Ohio 44106 1 Naval Weapons Center.

China Lake, California 93555 1
D. R. Lenz
University of Massachusetts Dr. J. Magill
Department of Chemistry University of Pittsburg
Amherst, Massachusetts 01002 Metallurgical and Materials

Engineering %
Dr. M. David Curtis Pittsburg, Pennsylvania 22230 1
University of Michigan
Department of Chemistry Dr. D. Bergbrelter
Ann Arbor, Michigan 48105 Texas A&M University

Department of Chemistry
Dr. M. Good College Station, Texas 77843 1
Division of Engineering Research
Louisiana State University Professor R. Drago
Baton Rouge, Louisiana 70803 1 Department of Chemistry

University of Illinois
Urbana, Illinois 61801

-. * .w ' . .a
"

' ...- ' ,



TECHNICAL REPORT DISTRIBUTION LIST, 356B

No.
Copies

Dr. F. Brinkman

Chemical Stability & Corrosion
Division

Department of Commerce
National Bureau of Standards
Washington, D.C. 20234 1

Professor H. A. Titus
Department of Electrical Engineering
Naval Postgraduate School
Monterey, California 93940 1

COL R. W. Bowles, Code lOOM
Office of Naval Research
800 N. Quincy Street
Arlington, Virginia 22217 1

Professor T. Katz
Department of Chemistry
Columbia University
New York, New York 10027 1

Professor James Chien
Department of Chemistry
University of Massachusetts
Amherst, Massar'-usetts 01002 1

Professor Malcolm B. Polk
Department of Chemistry
Atlanta University
Atlanta, Georgia 30314 1

A.



TECHNICAL REPORT DISTRIBUTION LIST, GEN

No.
copies

Dr. Rudolph J. Marcus
Office of Naval Researc.t
Scientific Liaison Group
American Embassy
APO San Francisco 96503

Mr. James Kelley
DTNSRDC Code 2803
Annapolis, Maryland 21402

Mr. Keith B. Baucom
Director of Contract Research
SCM-PCR Incorporated
P.O. Box 1466

Gainesville, Florida 32602

I

1

I



DATE

,ILMEI

.Ekm


